PN. PNe can be detected to great distances where their strong emission lines permit determination of PN expansion velocity and age, so probing the physics and timescales of stellar mass loss 1 . They can be used to estimate CS luminosity and temperature and the elemental abundances of the expelled gas. PN formation rates give the death rate of low-to-intermediate mass stars and they directly probe Galactic stellar and chemical evolution 2 . Their different shapes (morphologies) provide clues to their formation, evolution, mass-loss processes and shaping action of binary central stars 3 . As the CS fades to a White Dwarf (WD) and the nebula expands, the integrated flux, surface brightness and radius change in ways predictable via hydrodynamic theory 4 . PNe are consequently powerful astrophysical tools, providing key insights into late stage stellar and chemical evolution.
Obtaining accurate distances to Galactic PNe has proven to be very difficult in the past, except for the few with CS trigonometric parallaxes. Gaia DR3 5 promises to rectify this for many Galactic CSs but many PNe CS will remain too faint for Gaia. Another key problem is the unknown mass and abundance of their Main Sequence (MS) progenitor stars that could be linked to PN evolution and chemistry 6 .
These issues are overcome for PNe within Galactic star clusters whose stars were formed coevally from the same interstellar cloud and so share the same chemical environment. Indeed, a key motivation for uncovering cluster PNe was to benchmark PNe distances. Cluster distances, ages and PN progenitor masses are well determined from cluster Colour-Magnitude Diagrams (CMDs).
Initial progenitor and final CS masses can be used as independent points for the metallicity dependent 7 fundamental WD Initial-to-Final Mass Relation (IFMR) 8 that correlates WD properties to their progenitor stars, enabling tracing of nitrogen and carbon in entire Galaxies. PN-Cluster associations are rare. Only five PNe are proven members of Galactic clusters. Four are associated with globular clusters 9 and one with an Open Cluster (OC) with a turn-off (TO) mass of 2.2 Mʘ 10 . We report confirmation of another cluster-PN physical association: PN BMP J1613-5406, within young OC NGC6067. This example pushes the observationally confirmed PN formation limit to much higher mass and provides an exceptional opportunity for detailed study of stellar evolutionary models. We set out below evidence that this association is real based on concordance between PN and cluster of distance, reddening, PN-cluster angular and physical location within the cluster boundary and, crucially, radial velocity. The PNe physical size, chemistry and morphology are also as expected for a high mass progenitor in such a cluster.
BMP J1613-5406 (PNG 329.8-02.1) is a low surface brightness, bipolar PN discovered from the SuperCOSMOS Hα Survey (SHS) 11 and listed in the Hong-Kong/AAO/Strasbourg Hα (HASH)
Planetary Nebula Catalogue 12 . The PN is located in the northern region of Galactic open cluster NGC 6067. Its centre is at RA: 16h13m02s, Dec: -54 o 06'32'' (J2000) and its major and minor axes are 335 and 215 arcseconds. The PN's proximity to the cluster's center (~7 arcminutes) drew our attention to possible membership. Fig.1 gives an image montage of the Cluster and PN from the SHS on-line data. The adopted PN integrated Hα flux is logFHα= -11.55 mW/m 2 , the average of values measured from the Southern Hα Sky Survey Atlas (SHASSA) and the SHS data 13, 14 in Table   2 .
NGC 6067 is a well-studied, young OC at α= 16h13m11s and δ= -54 o 13'06" (J2000). It contains two classical Cepheid variable stars 15 that provide independent distance estimates and other insights into mass loss processes in later stellar evolution. Another Planetary Nebula, HeFa1, resides ~12 arcmin South-West of the cluster's centre. This is a proven chance alignment 16 .
Taking the error weighted average of published cluster parameters (see Table. 1) we find an age of 90 ± 20 million years, a distance of 1.88 ± 0.10 kpc, a reddening of E(B-V)= 0.35 ± 0.03, a tidal radius of 12.3 arcminutes and a heliocentric radial velocity of -39.79 ± 0.57 km/s. These are in excellent agreement with findings of the most recent cluster study 17 The cluster's estimated distance is within Gaia DR2's reach 5 which provides accurate stellar distances and radial velocities for cluster members. From the Gaia DR2 parallaxes of 43 cluster stars the error weighted mean cluster distance is 1.94 ± 0.07 kpc with σ= 0.37 (one suggested cluster member is excluded on proper motion grounds). Only 12 have Gaia radial velocities. There is one outlier (likely contaminant) so the 11 remaining stars yield an error weighted average cluster radial velocity of -39.21 ± 0.15 km/s with σ= 1.01 km/s, in good agreement with the best previous literature radial velocity estimates.
1.
Observational evidence supporting Planetary Nebula-Cluster membership For calculating an independent PN statistical distance we use the robust Hα surface brightnessradius relation 24 and the mean Hα integrated flux of logFHα= -11.55 mW/m 2 , found from the two published measures 13, 14 , corrected for the adopted PN reddening. This yields a PN distance of 1.71 −0.24 +0.29 kpc, in good agreement with the mean cluster distances from both Gaia parallaxes and previous cluster studies.
Agreement of the required parameters (Table 2 ) and projected physical proximity to the cluster centre (~1.7pc) suggests that PN BMP J1613-5406 is a physical member of NGC 6067. The likely bipolar morphology, given the rectangular shape of the clearly evolved PN, and its plausible Type-I chemistry (see section 3) are characteristics thought to derive from relatively high mass progenitors, as expected if hosted by NGC 6067.
Planetary Nebula properties
The nebular emission line fluxes and flux ratios were measured using the splot/IRAF task from our ESO VLT XSHOOTER spectra, SALT HRS spectra and our integrated AAT SPIRAL IFU spectra (see Fig. 2 and Table 3 ). The extinction was measured from our XSHOOTER original F(λ) data and then used for obtaining the I(λ) extinction corrected line fluxes 25 32 , and then interpolating the mass values measured from the closest plotted tracks, we expect a CS mass of ~ 0.94 ± 0.11 Mʘ 32 . The CS mass was estimated from the mean CS magnitude derived from the crossover method applied to both our SPIRAL and XSHOOTER data and its error reflects their spread. Our estimated PN and CS properties are summarized in Table 2 .
Taking corner-to-corner diagonals across the rectangular Hα image of the PNe provides a decent geometric centroid position where they overlap. A very faint blue star is located within a couple of arcseconds of this position and was reported as the likely CS upon PN discovery 33 (see Fig.3 ).
We find RA:16h13m02.1s and DEC:-54 o 06'32. that the true CS has been identified. Fitting our measured VPHAS+ u-g stellar colour to published reddening lines 34 (assuming a high temperature blackbody spectrum) we estimate a CS reddening of E(B-V)=0.28 ± 0.04 36 . This independent VPHAS+ photometric reddening estimate for this CS candidate is much more consistent, within the uncertainties, with that for the cluster and when compared to the large uncertainties for the PN reddening estimate. Our XSHOOTER spectrum also includes the candidate CS. Based on the equivalent widths of the CS He I 4471Å and He II 4542Å absorption lines the spectral type is estimated as O6, with an error of 1 subclass 37 . The stellar spectrum has a low S/N ̴ 4 and modest wavelength resolution and does not permit measurement of a reliable radial velocity.
Discussion
Cluster membership is solid in terms of concordant radial velocities to dRv<1 km/s, (especially given the steep sightline velocity gradient), distance, CS and PN reddening and location within the cluster boundary. The PN properties are also as expected for location within such a cluster.
The implications of this PN-OC association for stellar evolution are now considered. 
Data Availability Statement
Our XSHOOTER data can be accessed from the ESO Science Archive Spectral Data Products (http://archive.eso.org/wdb/wdb/adp/phase3_spectral/form). The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request. Table 3b . Emission line intensities and line ratios for BMP J1613-5406 measured from our SALT HRS spectral data for each of our 6 fibre spectra across 3 regions of the PN as indicated. 
